reported the replaceability of folic acid by thymine for Streptococcus lactis strain R as well as other folic-acid-requiring streptococci, and Fink et al. (1954) noted that high concentrations of recrystallized dihydrothymine supported growth of Streptococcus faecalis (ATCC 8043) deficient in both folic acid and thymine. The question arose, however, as to whether the latter response might be due to trace amounts of thymine present in the dihydrothymine, and it was difficult to rule out this possibility by ordinary analytical methods. The present paper describes the results of a microbiological test for residual thymine-like activity following subjection of preparations of dihydrothymine to mildly alkaline conditions under which thymine was stable but dihydrothymine was hydrolyzed to jl-ureidoisobutyric acid (Fink et al., 1954; Batt et al., 1954) .
reported the replaceability of folic acid by thymine for Streptococcus lactis strain R as well as other folic-acid-requiring streptococci, and Fink et al. (1954) noted that high concentrations of recrystallized dihydrothymine supported growth of Streptococcus faecalis (ATCC 8043) deficient in both folic acid and thymine. The question arose, however, as to whether the latter response might be due to trace amounts of thymine present in the dihydrothymine, and it was difficult to rule out this possibility by ordinary analytical methods. The present paper describes the results of a microbiological test for residual thymine-like activity following subjection of preparations of dihydrothymine to mildly alkaline conditions under which thymine was stable but dihydrothymine was hydrolyzed to jl-ureidoisobutyric acid (Fink et al., 1954; Batt et al., 1954 Folic acid assay medium (Difco), formulated according to Capps et al. (1948) , was used throughout for determination of response to test substances.
For testing the stability of the stimulatory factor in the preparations of dihydrothymine, the dihydrothymine was hydrolyzed, with and without added thymine (6.4 jug per 5 ml of final test solution), by mixing 0.2 M NaOH with crystalline dihydrothymine in a 5:1 molar ratio and incubating at 37 C for 18 to 24 hr. The resulting mixture was titrated to pH 6.9 with 0.2 M HCl, and the final solution was diluted to contain 6.4 mg of hydrolyzed dihydrothymine and 11.0 mg of NaCl per 5 ml. Chromatographic analysis by the method of Fink et al. (1954) indicated that hydrolysis of the dihydrothymine to j-ureidoisobutyric acid was essentially complete under these conditions. When this solution was used as a test substance, controls and other test substances were run with comparable concentrations of NaCl added to the medium.
A solution of jl-ureidoisobutyric acid was also prepared without hydrolysis by dissolving 256 mg of crystalline j3-ureidoisobutyric acid in 50 ml of distilled water and titrating to pH 6.9 with 0.2 M NaOH; the volume was then adjusted to 200 ml, and 5 ml were dispensed per assay tube. This procedure was employed in order to produce an equilibrium mixture similar to that present in the solution of hydrolyzed dihydrothymine.
Assay tubes containing 5 ml of test solution plus 5 ml of double strength assay medium were autoclaved for 10 min at 121 C, cooled immediately in a water bath, brought to 37 C, inoculated, and incubated for 18 hr at 37 C. Turbidity readings were made at 660 m,. figure 1. From various points within the linear portions of the curves, it was calculated that production of similar levels of growth required about 1800 times more thymine than folic acid and from about 1500 to 1800 times more dihydrothymine than thymine.
For subsequent studies, levels of thymine and dihydrothymine per tube were selected from the growth response curves so as to give a per cent transmission reading within the sensitive range of the spectrophotometer used, and yet allow for demonstration of possible inhibitory or stimulatory responses.
The data of figure 2 indicate that the growth promoting activity of dihydrothymine (A) was completely destroyed by alkaline hydrolysis (B), while the activity of a similarly treated mixture of thymine and dihydrothymine (C) was approximately the same as that of the thymine alone (D). Addition of the hydrolyzed dihydrothymine preparation did not inhibit growth in the presence of dihydrothymine (E) or thymine (F). A solution of s-ureidoisobutyric acid :sodium-fi-ureidoisobutyrate similarly showed no inhibitory effects (G, H) and did not support growth (I).
From the above data, it appears that the preparations of dihydrothymine employed were not significantly contaminated with thymine; that ,8-ureidoisobutyric acid neither supports nor inhibits growth under the conditions tested; and that dihydrothymine provides a growth-supporting effect for a folic-acid requiring strain of S. faecalis in a medium which is deficient in folic acid.
The growth curves were such as might be expected if an enzyme system that normally converts thymine to dihydrothymine possessed a slight degree of reversibility, but the present experiments do not rule out the possibility that dihydrothymine may have been converted to thymine through non-enzymatic reactions with nutrients or metabolites, or the possibility that dihydrothymine itself may inefficiently perform some essential metabolic function of thymine.
SUMMARY
Dihydrothymine was found to support growth of Streptococcus faecalis strain ATCC 8043, in a medium deficient in both folic acid and thymine. Production of similar growth levels required approximately 1800 times more thymine than folic acid and from 1500 to 1800 times more dihydrothymine than thymine.
The growth-promoting activity of the dihydrothymine preparation apparently was not due to the presence of thymine, for the activity of the preparations could be destroyed by alkaline hydrolysis of the dihydrothymine to ,B-ureidoiso-butyric acid under conditions which failed to affect the stimulatory action of added thymine.
